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In an effort to improve the quality of life among patients, a lot of drug delivery systems (DDS) have been developed 
to control a drug-release behavior in oral administration using a variety of functional polymers. In order to clarify the 
drug-releasing mechanisms of their DDS products, the studies of these compounds’ inherent physical properties and 
their hydrogelation phenomena are required. In this thesis, hydrogelation behaviors of functional pharmaceutical 
polymers; poly(methacrylic acid) (PMAA) and poly(ethylene oxide) (PEO) were revealed. The macromolecular 
structure changes during hydrogelation were studied by using infrared (IR) spectroscopy, X-ray diffraction and 
quantum chemical calculations (QCC). Further, a drug-release mechanism from a PEO hydrogel matrix tablet was 
revealed by using a flow-through cell dissolution apparatus equipped with magnetic resonance imaging (MRI). 
 
Chapter 1: Hydration Mechanism on a 
Poly(methacrylic acid) Film Studied by In Situ 
Attenuated Total Reflection Infrared Spectroscopy 
(Polymer, 2009, 50, 5765–5770) 
A structure change during the hydration process of a 
PMAA film was observed by using time-resolved in situ 
attenuated total reflection (ATR)-IR spectroscopy. This 
study has provided new insight into the hydration 
mechanism of carboxyl groups in the PMAA film. The 
intra- and inter-side-chain hydrogen-bonds in the PMAA 
are dissociated and the film is swelled by infiltrating 
water, subsequently their generated non-hydrogen-bond 
carboxyl groups instantly hydrate with water molecules 
and equilibrate to the side-on form which is the most 
stable structure for the carboxyl groups. The calculated 
frequencies and the interaction energies by QCC using a 
short-chain model instead of PMAA have supported my 
spectral assignment and the structural simulation of the 
hydrogen-bonded and the hydrated structures of PMAA. 
It has been concluded that the dissociation of 
hydrogen-bonded and newly created hydrated structures 
in the carboxyl groups are evident. 
 
Chapter 2: Time-Resolved Conformational Analysis 
of Poly(ethylene oxide) during the Hydrogelling 
Process (Polymer, 2011, 52, 5560–5566) 
A drastic conformation change in a PEO chain during 
the hydrogelation process was investigated by IR 
spectroscopy and QCC. Time-resolved in situ IR spectra 
of the hydrogelling process of a semi-crystalline PEO 
solid were measured using a flow-cell. The 
time-resolved IR study has revealed that C–C bonds 
with hydrophobic moieties rapidly shift to a random-coil 
gauche conformation after water penetration, whereas 
C–O bonds with hydrophilic moieties hydrogel more 
slowly, with at least half of these bonds changing from 
trans to gauche conformations after hydration. In 
addition, two main steps in hydration during PEO 
hydrogelation were identified: First, the ether oxygen 
atoms in PEO become hydrated as mono-hydrated 
structures were created with water molecules following 
rapid water penetration. Then, they were converted to 
the bridged hydration form as the most stable structure 
(Figure 1).  
 Figure 1  Schematic illustration of hydration behavior of PEO 
 
The calculated wavenumbers and interaction energies 
obtained by QCC using a short-chain model instead of 
an actual PEO chain supported my estimation of the 
spectra-structure correlation of the hydrated PEO. The 
C–C gauche structure is important in maintaining a 
bridged hydrogen bonding network with water 
molecules. It has been concluded that the hydrogelling 
behaviors of PEO including the conformation change in 
the polymer chain and the hydrated structures. 
 
Chapter 3: Design of In Vitro Dissolution Test for 
Extended Drug-release Matrix containing 
Poorly-water Soluble Indomethacin utilizing 
Flow-through Cell Apparatus under Perfect Sink 
Condition 
In order to accurately evaluate the drug-releasing 
property of a oral pharmaceutical product, the critical 
factors of a drug-releasing test method by using a 
flow-through cell apparatus were revealed. In this study, 
an extended drug-release matrix consisted a solid 
dispersion of hydrophoic ethylcellulose and 
hydroxypropyl methylcellulose and contained a poorly 
water-soluble indomethacin was used as a model 
formulation. The flow-through cell apparatus 
demonstrated the ability of maintaining perfect sink 
conditions, which are defined as the necessary and 
sufficient condition for the drug-dissolving and the 
releasing in terms of drug solubility for a poorly 
water-soluble drug during the in vitro dissolution study. 
This study has discussed an appropriate drug-release test 
method based on the mechanism. 
 
Chapter 4: Release Mechanism of Acetaminophen 
from Polyethylene oxide/polyethylene glycol Matrix 
Tablets utilizing Magnetic Resonance Imaging (Int. J. 
Pharm., 2010, 395, 147–153) 
A drug-release mechanism from extended-release 
tablets of hydrogel polymer matrices containing PEO 
and polyethylene glycol (PEG) were achieved using an 
above-discussed flow-through cell apparatus equipped 
with MRI (Figure 2).  
 
Figure 2  MRI images of PEO tablet during dissolution test 
 
In the light of the critical factors on the flow-through 
cell apparatus in chapter 3, acetaminophen as a 
water-soluble drug was used to avoid the oversaturation 
in a flow-cell. The hydrogel forming abilities were 
observed characteristically and the layer thickness which 
was corresponding to the diffusion length of a drug had 
a good correlation with the drug-release profiles. In 
addition, the polymeric erosion contribution to a 
drug-releasing from hydrogel matrix tablets was directly 
quantified using size-exclusion chromatography. The 
matrix erosion profile indicated that the PEG erosion 
kinetic depends primarily on the composition ratio of 
PEG to PEO. It has been concluded from this chapter 
that the drug-release mechanism form PEO/PEG 
hydrogel matrices due to the drug self-diffusion and 
matrix erosion was identified (Figure 3). 
 
Figure 3  Schematic illustration of drug-release mechanism in 
PEO hydrogel matrix tablets 
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